During surveys of the effect of organic compounds on the growth of blue-green algae, it was found that propionate at amounts greater than 0 . 5 m~ completely inhibited the growth of unicellular and filamentous strains (Hoare et al., 1967; Smith & Lucas, 1971) ; of a variety of compounds tested including acetate, butyrate, pyruvate, p-alanine, pantothenic acid, lipoic acid, yeast extract and casein hydrolysate, only acetate at an equimolar concentration annulled the inhibitory effect of propionate. Strains of Anacystis nidulans and Gloeocapsa alpicola which could tolerate high amounts of propionate developed in cultures incubated for more than 50h in the presence of 10mM-propionate (Smith & Lucas, 1971 ); a resistant strain of A. nidulans was found to have a greatly decreased ability to assimilate acetate and propionate and to contain decreased amounts of acetyl-CoA synthetase (EC 6.2.1.1). This report extends these observations on the metabolism of propionate by blue-green algae and the phenomenon of resistance.
Propionate was incorporated into cell material by growing cultures of A. nidulans and G. alpicola when the concentration was less than 0.1 mM or at 5mM in the presence of an Organisms were grown as described by Smith et 01. (1967) in the presence of [2-14C]-propionate (0.1 mM; 2.0pCi/pmol). The cells were harvested by centrifugation (20000g at 2°C for 20min), washed twice with sodium propionate ( 5 m~) and twice with water and extracted with the reagents listed according to the method of Roberts et a/. (1955) . The amounts of radioactivity in the various fractions were determined by counting on pianchets at infinite thinness with a Nuclear-Chicago end-window counter model no. 186A. , 1965) . It is therefore likely that propionate carbon assimilated by blue-green algae is used almost exclusively in the synthesis of specific fatty acids present in algal lipids. The assimilation of propionate by these organisms is apparently even more severely restricted than that of acetate which is used in the synthesis of fatty acids and the amino acids leucine, glutamate, proline and arginine (Hoare & Moore, 1965; see Smith, 1973) . By plating wild-type organisms on the agar niediuni described by Allen (1968) supplemented with sodium propionate (lOmM), we have isolated an additional 77 resistant strains of G. alpicola and 57 of A . nididatzs. Results available suggested that thecharacter of resistance was stable through many transfers in the absence of propionate and that it did not alter the growth rate of these organisms under optimum conditions. The radioautographic technique of Kokke et al. (1969) was adapted to screen the propionate-resistant strains for the ability to assimilate acetate. Replicas of the spread plates of propionate agar were made on agar medium with and without [l-14C]acetate ( 0 . 5 m~, 0.08pCi/pmol). After growth for 10 days under the conditions described by Allen (1968) the agars containing [1-l4C]acetate were laid on top of X-ray films wrapped in a single layer of thin polythene. After exposure for 10 days at 2"C, the films were developed. An appreciable proportion of the resistant strains had assimilated sufficient isotope during growth on the radioactive agar to give densc spots on the X-ray film; these amounted to 11 % of the G. alpicola and 29% of the A . nidulans strains and they have been designated Ac+. Weak, barely detectable exposure of the film was given by 23 % of the G. alpicola and 20 % of the A . nidulans strains. The rest of the isolates did not give detectable exposure of X-ray ,film over the same period and these have been designated Ac-; both of the strains examined by Smith & Lucas (1971) were of the Ac-type. Isotope-incorporation studies with growing cultures of Ac+ strains have revealed that in every case the mutation to resistance has decreased the capacity of the organisms to assimilate acetate though not to the same extent as with the Ac-strains. The differential rates of acetate assimilation for Ac+ strains of A . nidiilms were in the range 8.5-17% of the wild-type and the lowest rate was ninefold higher than that of the Ac-strain CL-1 (Fig. 1) . For Ac+ strains of C. alpicolrr, the rates were in the range 8-30% of the wild-type and the lowest rate was tenfold higher than that of an Acstrain of the same organism. Propionate incorporation by Ac+ strains under similar conditions was also lower compared with the wild-type though considerably higher than that of Ac-organisms. These results clearly indicate that resistance to the toxic effects of propionate is generally associated with a decrease in the ability of organisms to assimilate acetate and propionate.
% of total radioactivity in the uiifractionated organisms
The phenomenon of resistance has obvious relevance to the problem of propionate toxicity. The limitation of fatty acid assimilation observed in all of the strains examined suggests that the mutations concerned affected either the entry of short-chain fatty acids into the cell or their activation. This is consistent with the theory of propionate toxicity which states that propionate monopolizes all of the available CoA of the cell (Hoare et a[., 1967) . This could be the result of the ease of activation of propionate in combination with the severely restricted metabolism of this substrate. An alternative theory of toxicity that envisages the presence in blue-green algae of an essential enzyme, which is inhibited by propionyl-CoA or a closely related compound, is probably excluded since attempts to isolate a resistant strain with an unaltered capacity to assimilate acetate and propionate have failed.
